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Fig. 4. Progressive delamination growth in T800H/3631 
(0/9012/0) observed by SAM (400MHz): (a) eo = 0-8%: (b) 

eo = 0.9%; (c) eo = 1.0%. 

applied laminate strain. The delamination ratio 
decreases and the delamination onset strain increases 
at 80 °C. For the laminates with thicker 90 ° plies, the 
delamination grows rapidly and quite extensively. 

4.2 Young's modulus reduction 
Figure 8 shows the Young's modulus reduction as a 
function of the transverse crack density obtained by 
the combination of the loading/unloading tests and 
the replica observations. The Young's modulus 
reduction is larger in the laminates with thicker 90 ° 
plies at the same transverse crack density. It should be 
noted that the normalized Young's modulus shown 
here is affected by the delamination. 

Fig. 5. SAM image of 00/90 ° interface in TS00H/3631 
(0/90~2/0) (e,, = 0.95%, pulse-wave mode. high NA lens. 

30 MHz). 

4.3 Mode 11 interlaminar fracture toughness 
The mode II energy release rate, Gu for ENF tests is 
given by 

9a2p2c 
G. - 2B(2L3 + 3a3) (24) 

where a is the delamination crack length, P is the 
load, C is the compliance, B is the width of the 
specimen, and L~ is half of the span length. Figure 9 
shows the typical load/displacement (P-6) curve 
obtained by the ENF tests. In the present study, crack 
initiation was defined as the onset of nonlinearity in 
the load/displacement (P-8) curves. 24 The critical 
energy release rate for the crack initiation, Gnc, can be 
calculated by eqn (24) using the load at the onset of 
nonlinearity, P0, the initial crack length, ao, and the 
initial compliance, Co. The region from the load, P0, 
up to the maximum load, Pmax, was assumed as the 
subcritical crack growth region. In order to examine 
the fracture resistance, GUR, in the subcritical crack 
growth region, the crack length, ai, was determined by 
following equation 24 

C i -~- 2 ( C i \ 11/2 
= 1)t 3] (25) 

al b-;,, 3 U,,- 

where subscripts i and 0 represent the points in the 

Numerical difficulty:
Matrix crack à delamination

Takeda, 1994
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Our floating element and FE model
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Phantom node method + CZM (non-matching meshes)

Progressive cracking

Floating node method



3D FNM: Ply element
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3D FNM: Cohesive Element
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3D Laminate Element
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Un-notched Tension: Peel-off
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Un-notched Tension: Mid
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